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Sandglass transformAbstract This paper proposes a novel inverse synthetic aperture radar (ISAR) imaging method
based on second-order keystone transform (KT) and Sandglass transform for group targets ﬂying
in a formation with constant accelerated rectilinear motion in the same radar beam. First, range cur-
vature and range walk of each sub-target among group targets are corrected by the second-order KT
combined with the quadratic phase term compensation. After range alignment, the signals in each
range frequency cell can be modelled as multiple chirp signals and then the Sandglass transform is uti-
lized to cross-range imaging, which transforms the time–frequency distribution of the signals in each
range frequency cell into beelines parallel to the slow time axis simultaneously. Finally, cross-range
proﬁles of group targets in each range frequency cell are obtained via a projection of the perk of every
scatterer in the two-dimensional accumulation plane onto the frequency axis. The advantage of the
proposed method is that it can align range proﬁles of each sub-target simultaneously and image
cross-range proﬁles directly without separating the returned signals, which simpliﬁes the operation
procedure. Simulation results are used to demonstrate the effectiveness of the proposed method.
ª 2014 Production and hosting by Elsevier Ltd. on behalf of CSAA & BUAA.
Open access under CC BY-NC-ND license.1. Introduction
Inverse synthetic aperture radar (ISAR) imaging is a type of
technique to acquire an image of a moving target.1 An ISAR
image of the target can be generated by coherently processing
the returned signals at a different aspect angle relative to theradar.2 When ISAR imaging is applied to imaging of multiple
targets moving in a formation, the conventional motion com-
pensation methods, which are suitable for a single moving tar-
get, cannot obtain a well-focused ISAR image due to the low
correlation between adjacent range proﬁles.1,3–5 For simplicity
of presentation, multiple targets ﬂying in a formation in the
same radar beam are deﬁned as group targets and the individ-
ual one among group targets is deﬁned as sub-target.
Currently, methods for group targets ISAR imaging are
mainly composed of two types. Time–frequency analysis algo-
rithms are used in the ﬁrst method for simultaneous motion
compensation and imaging.6,7 However, the time–frequency
transforms are confronted with cross-terms or low frequency
resolution. The second method images each sub-target via
separating the returned signals. This method can be further
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separated with different parameters of each sub-target.8–11
However, it is difﬁcult to separate the signals when the differ-
ence of parameters of each sub-target is small. In the second
type, the signals of each sub-target are separated from the bulk
image.12–14 In this method, motion parameters are estimated to
generate the bulk image. However, this method is likely to fail
when the precision of the estimated parameters is low.
In this paper, a simultaneous ISAR imaging method is pro-
posed for group targets with constant accelerated rectilinear
motion in the same radar beam. Firstly, the range curvature of
group targets is corrected simultaneously by the second-order
KTwithout knowing their accelerations and the fractional Fou-
rier transform (FrFT) is utilized to estimate the Doppler chirp
rate, followed by the quadratic phase term compensation. Then,
the second-order KT is again used to correct range walk for all
sub-targets. Secondly, because the slow time signals in each
range frequency cell are multiple chirp signals after range align-
ment, the Sandglass transform, which is based on a scale trans-
form, is used to transform the time–frequency distribution of the
slow time signals in each range frequency cell into beelines par-
allel to the slow time axis simultaneously. Finally, cross-range
proﬁles of group targets in each range frequency cell are
obtained via projection of the perk of every scatterer in the
two-dimensional accumulation plane onto the frequency axis.
The proposed method avoids signals separation and can per-
form motion compensation and imaging simultaneously.
The remainder of this paper is organized as follows. After
review of the group targets ISAR imaging model in Section 2
and Section 3 describes the proposed imaging algorithm. In
Section 4, simulation results are presented to prove the
effectiveness of the proposed method. Section 5 presents the
conclusions drawn from this work.
2. Model of group targets ISAR imaging
2.1. Geometric model
The geometric model of two sub-targets ﬂying towards the
same direction with a uniformly rectilinear motion is shown
in Fig. 1, where d and O are the distance and middle point
between the two sub-targets, respectively, R is the distance
from the radar to the middle point O, b is the angle between
the target orientation and the x-axis, h is the angle between
the line-of-sight of the two sub-targets, and /1 and /2 areFig. 1 Geometry of two sub-targets ﬂying in a formation.the angle between the target orientation and the line-of-sight
from the radar to the sub-targets T1 and T2, v1 and v2 are
the velocity of sub-targets T1 and T2, respectively. In Fig. 1,
as the two sub-targets are close to each other, it is difﬁcult
to separate them in range domain. Thus, it lies on the Doppler
difference of the two sub-targets to separate them in azimuth
domain.
The initial radial velocity of the sub-targets T1 and T2 are v1
cos /1 and v2 cos /2, respectively. Then, when d=R>1; h is
very small and the Doppler difference between the sub-targets
T1 and T2 can be approximately expressed as
DfT1;2 ¼ fT1  fT2 ¼
2v
k
ðcos/1  cos/2Þ
¼  2v
k
2 sin
/1 þ /2
2
sin
/1  /2
2
 
ð1Þ
 2v
k
d
2R
sin /2 
d
2R
 
where k is the wavelength. In Eq. (1), we assume that the veloc-
ity difference between the sub-targets T1 and T2 is small and
their velocities are set to be v.
When the angle /2 is close to 0 or 180, it is worth noting
that the Doppler difference between the sub-targets T1 and T2
approaches to zero. In this case, they can be considered as a
single target and the well-focused ISAR images of them can
be obtained by the conventional motion compensation meth-
ods. However, if the Doppler difference between the sub-tar-
gets T1 and T2 is large, it is indicated that the sub-targets T1
and T2 have different Doppler history functions and cannot
be considered as a single target. By applying the conventional
motion compensation methods, the azimuth focusing of the
sub-targets T1 and T2 cannot be well performed and they can-
not be clearly imaged.2.2. Signal model
Supposing that the radar transmits a total of M chirp pulses
STðtÞ ¼ pðtmTrÞ exp½j2pfcðtmTrÞ
ðm ¼ 0; 1; . . . ; M 1Þ ð2Þ
where Tr denotes the pulse repetition interval, fc denotes the
carrier frequency, and p(Æ) can be expressed as
pðtÞ ¼ rect t
Tp
 
exp j pBt
2
Tp
 
ð3Þ
where Tp denotes the pulsewidth and B denotes the bandwidth.
We assume that SRðt^; tmÞ denotes the echoes, where
t^ ¼ t tm and tm = mTr denotes the fast time and slow time,
respectively. Then, for scatterer P, its echo can be expressed as
SR;Pðt^; tmÞ ¼ APp t^ 2RPðtmÞ
c
 
exp j2pfc t^
2RPðtmÞ
c
  
ð4Þ
where AP denotes the strength of scatterer P, RP(tm) denotes
the distance between the scatter P and the radar, c is the light
speed.
After down conversion, Eq. (4) can be rewritten as
S0R;Pðt^; tmÞ ¼ APp t^
2RPðtmÞ
c
 
exp j 4pfc
c
RPðtmÞ
 
ð5Þ
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conversion can be expressed as
SRðt^; tmÞ ¼
XK
i¼1
Xqi
j¼1
Ai;jp t^ 2Ri;jðtmÞ
c
 
exp j 4pfc
c
Ri;jðtmÞ
 
ð6Þ
where K is the number of sub-targets, qi is the number of scat-
terers in the ith sub-target, Ai,j is the amplitude of the jth scat-
terer in the ith sub-target, Ri,j(tm) is the distance between the
radar and the jth scatterer in the ith target. By taking the Fou-
rier transform to Eq. (6) with respect to t^, we have
SRðf; tmÞ ¼ pðfÞ
XK
i¼1
Xqi
j¼1
Ai;j exp j 4pðfc þ fÞ
c
Ri;jðtmÞ
 
ð7Þ
where p(f) is the Fourier transform of pðt^Þ and f denotes
frequency.
In the imaging time, the distance Ri,j(tm) can be expressed
as15
Ri;jðtmÞ ¼ Rið0Þ þ vR;itm þ 1
2
aR;it
2
m þ yi;j  xi;jxitm ð8Þ
where Ri(0) is the initial distance between the radar and the
geometrical center of the ith sub-target, vR,i and aR,i are the
radial velocity and acceleration of the ith sub-target, respec-
tively, and xi is the angular velocity of the ith sub-target, xi,j
and yi,j are the x-axis coordinate and y-axis coordinate of
the jth scatterer in the ith target, respectively.
By substituting Eq. (8) into Eq. (7), we have
SRðf; tmÞ ¼ pðfÞ
XK
i¼1
Xqi
j¼1
Ai;j exp j 4pðfc þ fÞ
c
ðRið0Þ þ yi;jÞ
 
ð9Þ
 exp j 4pðfc þ fÞ
c
ðvR;i  xi;jxiÞtm
 
 exp j 2pðfc þ fÞ
c
aR;it
2
m
 
From Eq. (9), we have the following phase term expression
of the jth scatterer in the ith sub-target
/i;jðf; tmÞ ¼ 
4pðfc þ fÞ
c
ðRið0Þ þ yi;jÞ
 4pðfc þ fÞ
c
ðvR;i  xi;jxiÞtm  2pðfc þ fÞ
c
aR;it
2
m ð10Þ
In Eq. (10), 4pfc(Ri(0) + yi,j)/c has a constant phase
value and has no effect on the imaging quality,
4pf(Ri(0) + yi,j)/c denotes the position of the scatterer in
range domain, 4pfc(vR,i  xi,jxi)tm/c represents the Doppler
shift and reﬂects the ordinate of the scatterer in the ISAR
image, 4pf(vR,i  xi,jxi)tm/c is related to the range walk,
2pfcaR;it2m=c represents the Doppler chirp rate and induces
azimuth-smearing effect in the ISAR image, 2pfaR;it2m=c is
related to the range curvature. If the radial velocity and accel-
eration can be estimated, their effect on the ISAR image can
be eliminated by motion compensation. However, as the ech-
oes of group targets are overlapped in time, it is very difﬁcult
to separate the echo of sub-target and estimate their motion
parameters in real cases. Hence, the well-focused ISAR image
of sub-target cannot be directly obtained by parametric
compensation.3. Imaging algorithm
3.1. Range alignment
In ISAR imaging, translational motion compensation can be
divided into two steps, range alignment and phase adjustment.
If only one target exists in the radar beam, the conventional
range alignment methods such as correlation maximization
or entropy minimization are well appropriate for range
alignment. However, in the case of group targets, the conven-
tional range alignment methods cannot be directly applied
to align range proﬁles due to the low correlation between
adjacent range proﬁles.
In this section, we will present a range alignment method
for group targets, which correct range curvature and range
walk by the second-order KT combined with the quadratic
phase term compensation. In what follows, the detailed
processing steps will be introduced.
3.1.1. Range curvature correction
From Eq. (10), we can see that the quadratic coupling term of
range frequency and slow time should be corrected. Thus, the
second-order KT is applied for range curvature correction. We
can correct the range curvature if we rescale the slow time axis
for each range frequency by the second-order KT as follows:16
tm ¼ fc
fþ fc
 1
2
sm ð11Þ
where sm denotes the new slow time.
By substituting Eq. (11) into Eq. (10) and ignoring the con-
stant term, we have
/i;jðf; smÞ ¼ 
4pðfc þ f Þ
1
2f
1
2
c
c
ðvR;i  xi;jxiÞsm  2pfc
c
aR;is
2
m ð12Þ
It is worth noting that the range curvature is removed by
the second-order KT without knowing the kinetic information
of each sub-target. As ðfc þ fÞ1=2f1=2c is approximately equal to
fc + 1/2f, it is observed that the range walk is reduced to
one half of its original value.
3.1.2. Quadratic phase term compensation
Prior to the range walk correction, the quadratic phase term,
which is induced by the radial acceleration, should be esti-
mated and then compensated. Without this processing, the sec-
ond-order KT cannot be applied to align range proﬁle. From
Eq. (12), it can be seen that the signals in each range frequency
cell are multiple chirp signals. Therefore, the FrFT can be used
to estimate the Doppler chirp rate. The FrFT deﬁnition of sig-
nal x(t) with angle a is17
XaðuÞ ¼ Fa½xðtÞ ¼
Z 1
1
xðtÞKaðt; uÞdt ð13Þ
where Ka(t, u) denotes the transform kernel shown in
literature.17
The relationship between the chirp rate kd and the angle a
can be expressed by
½a^; u^ ¼ arg max
a;u
jXaðuÞj2
k^d ¼  cot a^
8<
: ð14Þ
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tively, k^d denotes an estimate of kd.
For group targets, if the chirp rate k^d of the strongest signal
is estimated, the radial acceleration can be estimated by
a^ ¼ k^dc=ð2fcÞ ð15Þ
where a^ denotes an estimate of the radial acceleration.
As the differences of the radial acceleration among sub-tar-
gets are small,12 the quadratic phase term can be compensated
by the estimated radial acceleration corresponding to the
strongest signal. After the quadratic phase term compensation,
we have
/0i;jðf; smÞ ¼ 
4pðfc þ fÞ
1
2f
1
2
c
c
ðvR;i  xi;jxiÞsm  2pfc
c
Dais
2
m ð16Þ
where Dai ¼ aR;i  a^ denotes the residual acceleration.
3.1.3. Range walk correction
After the above processing, the coupling between f and sm is
still left, (i.e., range walk still exists). To solve this problem,
the second-order KT is used to Eq. (16). If we let
sm ¼ ðfc=ðfþ fcÞÞ1=2s0m, then Eq. (16) becomes
/0i;jðf; s0mÞ ¼ 
4pfc
c
ðvR;i  xi;jxiÞs0m 
2pf2c
cðfþ fcÞ
Daiðs0mÞ2 ð17Þ
It is worth noting that the range walk is corrected by the
second-order KT. Although the coupling between f and Dai
appears, the inﬂuence of this coupling for range alignment
can be negligible if the delay induced by Dai is less than
1
4
Tp.
18 Hence, Dai should be satisﬁed by
jDaij < cTp
4T2a
ð18Þ
where Ta denotes the imaging time.
Since Tp is usually on the order of 10
6 s and Ta is on the
order of 1–10 s for chirp signals,
cTp
4T2a
is on the order of
101  102 m/s2. Therefore, Dai usually meets the restriction in
Eq. (18). After range curvature correction and range walk cor-
rection, the range proﬁles of group targets can be aligned
simultaneously.
3.2. Cross-range imaging
After range alignment, it is necessary to perform phase adjust-
ment in each range frequency cell to obtain cross-range proﬁle.
Although Dai can be negligible in the processing of range align-
ment, it has severe effect on the cross-range proﬁle because the
precision of phase adjustment is higher than that of range
alignment. From Eq. (17), it can be seen that the signals in
each range frequency cell are multiple chirp signals. Due to
the different chirp rates, the phase adjustment cannot be per-
formed by the same phase correction factor simultaneously.
Algorithms of the existing phase adjustment for group targets
are mainly based on signals separation in the signal domain or
the image domain. In order to avoid signals separation, we use
the Sandglass transform to image cross-range proﬁle simulta-
neously. In what follows, a novel cross-range proﬁle imaging
method for group targets will be introduced.From Eq. (17), the echoes after range alignment can be
expressed as follows:
S0Rðf; tmÞ ¼ pðfÞ
XK
i¼1
Xqi
j¼1
Ai;j exp j 4pðfc þ fÞ
c
ðRið0Þ þ yi;jÞ

j 4pfc
c
ðvR;i  xi;jxiÞtm  j 2pf
2
c
cðfþ fcÞ
Dait
2
m

ð19Þ
For the convenience of expression, only the exponential
term with respect to tm of the jth scatterer in the ith sub-target
is analyzed. Thus, the echo si,j(tm) of the jth scatterer in the ith
sub-target can be expressed as
si;jðtmÞ ¼ exp j2p fi;jtm þ
1
2
ri;jt
2
m
  
ð20Þ
where fi; j ¼ 
2fc
c
ðvR;i  xi;jxiÞ denotes the Doppler center, and
ri;j ¼  f
2
c
cðfþ fcÞ
Dai denotes the chirp rate.
The autocorrelation function of si,j(tm) can be expressed as
Ri;jðtm; sÞ ¼ si;j tm þ s
2
 
si;j tm 
s
2
 
ð21Þ
¼ expðj2pfi;jsÞ expðj2pri;jtmsÞ
where s denotes the delay associated with autocorrelation
calculation, * denotes conjugation. By performing the Fourier
transform with respect to s on Eq. (21), we obtain
Ri;jðtm; fÞ ¼
R1
1 Ri;jðtm; sÞ expðj2pfsÞds
¼ R11 expðj2pfi;jsÞ expðj2pri;jtmsÞ expðj2pfsÞds
¼ Tasinc½pTaðf ðfi;j þ ri;jtmÞÞ
ð22Þ
It is worth noting that the distribution of si,j(tm) in the time–
frequency plane is a slope line due to the coupling between tm
and s in the Eq. (21). If this coupling can be removed, the dis-
tribution of si,j(tm) will be a beeline parallel to the slow time
axis and the cross-range proﬁle of the signal si,j(tm) can be
obtained by taking Fourier transform along the slow time axis.
In order to remove the coupling term, we rescale the slow time
axis by the Sandglass transform as follows:19
t0m ¼
s
A
tm ð23Þ
where t0m is the new time variable, A is a constant and is set to
be Ta/4. Detailed information about the performance of signal
terms and cross terms of the Sandglass transform can be found
in literature.19
By substituting Eq. (23) into Eq. (21) and taking the Fou-
rier transform with respect to s, we obtain
Ri;jðt0m; fÞ ¼ Tasinc½pTaðf fi;jÞ expðj2pri;jAt0mÞ ð24Þ
It is worth noting that the coupling between tm and s has
been removed after the Sandglass transform and the distribu-
tion of si,j(tm) becomes a beeline parallel to the slow time axis
in the time–frequency plane. Therefore, by taking the Fourier
transform with respect to t0m, we obtain
Ri;jð f 0; f Þ ¼ T2asinc½pTað f fi;jÞsinc½pTað f 0  ri;jAÞ ð25Þ
where f 0 denotes the frequency corresponding to t0m.
It can be seen that the signal si,j(tm) can be integrated coher-
ently by two-dimensional Fourier transform after the above
processing and the peak position locates at (fi,j, ri,jA). The
f-axis and the f0-axis contain the Doppler center and the chirp
Fig. 2 Flowchart of group targets ISAR imaging.
Fig. 4 ISAR images of Boeing 727 aircraft data.
Fig. 3 Time–frequency distribution (the 31st range frequency
cell).
1558 J. Chen et al.rate information of the jth scatterer in the ith sub-target,
respectively.
In the above discussion, it is worth noting that every scat-
terer has different Doppler center. Therefore, the cross-range
proﬁle of all scatterers in each range frequency cell can be
obtained by the projection of the perk of every scatterer onto
the f-axis. Thus, the cross-range proﬁle of group targets in each
range frequency cell can be obtained by
IcrðhÞ ¼ maxL=26l6L=21fjRðl; hÞjg ð26Þ
where R(l, h) represents the discrete form of R( f 0, f ), L denotes
the number of cross-range sampling cells, and h 2 [L/2, L/
2  1]. Thus, repeat the above cross-range proﬁle processing
in all range frequency cells, the focused ISAR image of group
targets can be obtained. The ﬂowchart of group targets ISAR
imaging is shown in Fig. 2.
3.3. Computational complexity analysis
In this section, the computational complexity of major steps in
the proposed method is analyzed in terms of the amount of
operation. Suppose that the number of pulses and range sam-
pling cells are N and M, respectively. As to the second-order
KT, NL2 multiplications and NL(L  1) additions are needed
and the computational complexity is O(NL2). As to the FrFT,
NL multiplications and N(L  1) additions are needed and the
computational complexity is O(NL). For the Sandglass trans-
form, N(7L2/2 + 2L2 log2L) multiplications and 4NL
2 log2L
additions are needed and the computational complexity is
O(NL2 log2L).
4. Simulation results
4.1. Simulation 1
Cross-range imaging performance analysis by the Sandglass
transform.
In this section, the simulated data of a Boeing 727 aircraft
has been used to prove the performance of the Sandglass trans-
form for the cross-range imaging method. The radar data has
been simulated with a stepped-frequency signal. The carried
frequency is 9 GHz and the bandwidth is 150 MHz. The data
has 256 successive pulses. Motion compensation and range
processing have been performed to the data.The time–frequency distribution of the echoes in the 31st
range frequency cell by the Winger-Ville distribution (WVD)
method is shown in Fig. 3. It can be observed from Fig. 3 that
the Doppler frequency is time-varying.
Fig. 4(a) shows the ISAR image obtained by the range-
Doppler method which is blurred in the cross-range because
the Doppler frequency is time-varying. Fig. 4(b) shows the
ISAR image obtained by the Sandglass transform, from which
it can be noted that ISAR image is well focused. These results
indicate that the Sandglass transform can effectively image the
cross-range proﬁle.
Simultaneous ISAR imaging of group targets ﬂying in formation 15594.2. Simulation 2
Group targets ISAR imaging by the proposed method.
In this section, the echoes of three sub-targets ﬂying with
constant accelerated rectilinear motion are generated to prove
the effectiveness of the proposed method. The parameters of
the radar data acquisition are listed in Table 1. The parameters
of each sub-target are given in Table 2. The scatterer model of
sub-targets T1 and T3 is shown in Fig. 5(a) and that of sub-tar-
get T2 is shown in Fig. 5(b). Complex white Gaussian noise is
added to the echoes.Table 1 Radar parameters.
Parameter Value
Carrier frequency (GHz) 9
Bandwidth (MHz) 300
Pulse repetition frequency (Hz) 2000
Number of integrated pulses 2000
Radar position (m) (0, 8000)
Table 2 Parameters of each sub-target.
Sub-target index Initial position (m) v (m/s) a (m/s2) b ()
1 (65, 0) 268 11 10
2 (10, 0) 270 10 10
3 (40, 0) 272 9 10
Fig. 5 Target model.When the signal-to-noise ratio (SNR) is 10 dB, Fig. 6(a)
shows the echoes of group targets in the range-azimuth
domain. The second-order KT is carried out to the echoes
and the result is shown in Fig. 6(b). In Fig. 6(a), it is worth not-
ing that the traces corresponding to the three sub-targets are
slant lines, which means range curvature is corrected simulta-
neously and only range walk exists. Then compensation of
the quadratic phase term is performed, where the radial accel-
eration is estimated to be 10.53 m/s2. Fig. 6(c) shows the ech-
oes after range walk correction. From Fig. 6(c), it can be
noted that the range proﬁles of the three sub-targets are
aligned by the proposed range alignment method and the inﬂu-
ence of Dai can be negligible.Fig. 6 Range alignment results.
Fig. 7 Projection result.
1560 J. Chen et al.Fig. 7 shows the projection of signals in the 139th range fre-
quency cell after the Sandglass transform onto the f-axis. It is
worth noting that the cross-range proﬁle is well-focused and
can be used for ISAR imaging.
The ISAR image of group targets in decibel by the
proposed method is shown in Fig. 8(a), where all sub-targets
are well-focused. When applying the conventional motion
compensation method which is composed of envelope cross-
correlation and PGA method, the ISAR image of group
targets in decibel is shown in Fig. 8(b). It can be seen that
the image of each sub-target in Fig. 8(b) is defocused, whichFig. 9 Image of group targets with SNR= 0 dB.
Fig. 8 ISAR image of group targets with SNR= 10 dB.demonstrates the conventional motion compensation method
does not work well in the case of group targets ISAR imaging.
When the SNR is 0 dB, Fig. 9(a) shows the echoes of group
targets in the range-azimuth domain. Fig. 9(b) presents the
ISAR image of group targets in decibel, where all sub-targets
are also focused. From this simulation, it can be deduced that
the proposed method is still effective in the low SNR scenario.
5. Conclusions
(1) Due to the low correlation between adjacent range pro-
ﬁles, the conventional range alignment methods for a
single target ISAR imaging cannot be directly applied
to group targets ISAR imaging.
(2) The radial motion between the sub-target and the radar
can be approximated as constant accelerated rectilinear
motion. Hence, range alignment of each sub-target is
composed of two steps: range curvature correction and
range walk correction. Range curvature and range walk
of each sub-target among group targets can be simulta-
neously corrected by the second-order keystone trans-
form combined with the quadratic phase term
compensation, which are also suitable for the range
alignment of a single target.
(3) When the range proﬁles of group targets are aligned, the
signals in each range frequency cell can be modelled as
Simultaneous ISAR imaging of group targets ﬂying in formation 1561multiple chirp signals with different Doppler centers and
chirp rates. In this case, the Fourier transform is inap-
propriate for the cross-range imaging because the Dopp-
ler frequency of each scatterer is time-varying. However,
the cross-range proﬁles of each sub-target can be simul-
taneously obtained by the Sandglass transform which
avoids using different phase correction factor for azi-
muth focusing.Acknowledgement
This study was supported by the National Natural Science
Foundation of China (No. 61372159).
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